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INTRODUCTION 
The Project 
Project 1167, "An Investigation of Farm Building Losses 
Due to Wind and Fire", is sponsored by the Farmers Mutual 
Reinsurance Association and the Iowa Mutual Tornado Insurance 
Association. This project, formerly Project 23 of the Agri-
cultural EXperiment Station, was begun in 1930. 
The project division which concerns itself only with 
the aspect of wind damage has been sub-divided as follows: 
1. Statistics 
2. Aerodynamics 
3. Field observations 
4. Structural analysis 
5. Design 
6. Laboratory tests 
This particular study concerns itself with the struc-
tural analysis, the design, and the laboratory test phases 
of the wind damage project division as it relates to barn 
construction. 
Justification and Statement of the Problem 
Figure 1, according to data compiled by Esmay and 
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Giese (13), illustrates that the amount of damage due to 
buildings being blown out of plumb was greater f'rom the 
October 10, 1949, windstorm than at any other time since the 
first statistical study of 1930 to 1933· 
Figure 2, also according to data compiled by Esmay and 
Giese (13), further illustrates that damage to barns con-
stituted approximately 47 per cent of the total structural 
damage to farm buildings in Iowa during the October 10, 1949, 
windstorm. Both damage to the barns and the number of 
losses were greater than the damage and number of losses in 
the case of any other farm buil ding considered in the study. 
In view of these considerations , and recognizing that, 
by .far, most of the previous research in the phases of struc-
tural analysis and design has concerned itsel.f primarily 
with barn construction above and including the ra.fter plat e, 
the present study is directed at the problem of structural 
analysis , design, and testing of barn construction from below 
the rafter plate to the top of the foundation , that portion 
of barn construction which is largely responsible for out-of-
plumb failures. 
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REVIEW OF PERTINENr LTIERATURE 
Glue as a Structural Material 
The successf'ul us e of glue in farm struc tures for the 
past nineteen years warrants its consideration as a material 
to be used in the design of that section, the mow floor 
joist- wall stud joint, of barn construction largely re-
sponsible for out-of-plumb failures. Information regarding 
strength, durability , and fabrication techniques of glued 
construction has been made available through t he results of 
several investigations. 
Strength 
Gi ese and Henderson (20 ) recommended for practical shear 
design stresses in farm structures , 430 pounds per square 
inch perpendicular to t he grain for nominal 2-inch Douglas 
fir mai n members and nominal 1-inch yellow pine or white 
pine gusset plates f'abricated with casein glue . These in-
vestigators a lso r econunended a torsional stress design val ue 
of 215 pounds per square inch f or parallel grained joints . 
Skinner (37) , working with angul ar joints of rough 
l umber and employing both casein glue and resorcinol glue , 
reported design loads to be limited only by the allowable 
fi ber stress of the joint members for nominal 2-inch Dougl as 
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fir and nominal 1-inch white pine gusset plates. 
Rice (34), who also investigated angular joints (gambrel 
roof joints in barn construction, and gable roof ridge and 
plate joints in hog house construction), concluded that 
effectiveness in the use of lumber is increased by the em-
ployment of rigid f rame construction as accomplished by 
glued joints, and that nailed and glued spliced joints can 
be made to carry as much load as the main members of the 
joint. 
Richards (35) observed that no slipping occurred prior 
to failure in tension tests of various joint t ypes (end grain 
to end grain, end grain to side grain, side grain to side 
grain, gusset , and scarf). Resorcinol glue was used with 
nominal 2-inch Douglas fir and nominal 1-inch white pine . 
Hamlin (23), from his study of photo-elastic compression 
joints, and Graf and Egner (22) from their study of full size 
joints, both reported that glue joint loads are not dis-
tributed uniformly over the glue area, but are concentrated 
at gusset plate ends. De Bruyne (9) also reported similar 
stress concentrations in glued, metal, lap joints, and veri-
fied his theoretical analysis with experimental data. 
Giese and Dunkelberg (21) found plywood gusset plates 
to be an effective means of fastening structural members in 
portable brooder house cons t ruction. 
Hamlin (23), i n some pilot tests, found perpendicular-
grained joints to be 8 to 14 times as stiff as nailed joints. 
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He observed that joints to sustain t orsional loads should be 
well glued near the edges . In some torsional fatigue tests, 
f atigue load limits were f ound t o be 1/3 to 1/4 of static 
load limits . 
Schlyter (36) , in his investigation of the fatigue 
strength of Sitka spruce dowels spliced with 1 :12 scarf 
joints , found the cold glued joints to have t he same bending 
fatigue strength as the un jointed dowels used for comparison. 
Durability 
Martin (27) obtained shear strength values up to 550 
pounds per square inch, giving a factor of safety of approxi-
mately 4 with yellow pine . The casein glued, l aminated 
rafters under i nvestiga t ion were t ested a f t er 8 years of 
exposure to service conditions. 
Gi ese and Clark (19) found moisture to have little 
effect on water- resistant casein glue . Yellow pine laminated 
bent rafters were tested after one year of storage under 
damp conditions . Also, Giese and Henderson (20) r eported 
casein glue to be of ample durabili t y if protected from 
direct action of water . 
Fry (17) concluded, from his study of moisture effects 
on par allel- grained joints, that effects of variation in wood 
structure , gl uing pressure, and other uncontroll:ables, 
largely outweigh the effects of moisture changes . 
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Fabrication Techniques 
To assure sound joints; glue mixtures, curing pressure, 
open and closed assembly times , wood moisture content, and 
wood surface condition must be kept within certain limits . 
Most of the investigations in the area of farm struc-
tures (17 , 18, 19 , 20, 23, 27 , 31, 37) employed the use of 
casein glue, mixed 1 pound of glue powder to 2 pounds of 
water . 
Curing pressure was supplied by nails, usually one 4d 
common nail per 5 square inches of glue area or one 7d connnon 
nail per 8 square inches of area , in the case of gl uing 
nominal 1-inch lumber to nominal 2-inch lumber . In the case 
of gluing nominal 2- inch lumber to nominal 2- inch lumber , 
one l4d box nail per 6 square inches was used . 
Open assembly time as recommended is not to exceed 20 
minutes and closed assembly time not to exceed 30 minutes , 
0 
both tines applicable at 70 Fahrenheit (39) . Open assembly 
is defined as the time during which the glue is spread on 
the joint surfaces but the surfaces are not in contact with 
each other . Closed assembly is defined as the time during 
which the joint surfaces are in contact but pressure is not 
applied. 
Wood moisture contents recommended by the glue manu-
facturer (39) are a minimmn of 2 per cent and a maximmn of 
20 per cent with an optimum of 5 to 8 per cent for casein 
glue . 
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Skinner (37) found that glued and nailed joints from 
rough lumber are slightly over 1/2 as strong as similar 
joints from surfaced lumber and require from 2 to 3 times as 
much glue as surfaced lum.ber. 
Structural Wind Loads 
Positive and negative wind pressure 
The work of Irminger (25), Costanzi (7) , Arnstein (3), 
an d Fenton and Otis (14) recognizes the presence of both 
positive and negative wind pressures. Previous to t h e work 
of t h e above investigators, Newton 's, Rankine ' s, Hutton's, 
Duchemin ' s and Smeaton1 s for!llulae were used most widely . 
None of these earlier theoretical methods take into considera-
tion t he high negative pressures on the leeward side or the 
reduced positive pressure on the windward side and are there-
fore not suitable for use in t he design of a barn . 
True velocity pressure 
The true velocity pressure may be obtained with the 
22 2 
equation, P = .001189 (V + J3) , where P is the velocity 
pressure in pounds per square foot and v is the true wind 
velocity in miles per hour . This is the formula used by 
the United States Bureau of Standards. 
~-
Wind pressure distribution 
The wind pressure distribution illustrated in Figure 
3 was used by Pi ckard {33), Rice (.34), and Dale (8) . This 
distribution agrees closely with the wind pressure dis-
tributions as found by Fenton and Otis (14). It has been 
approved by Dr . H. L. Dryden of the United States Bureau of 
Standards. 
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INVESTIGATION 
Objectives 
The general objective of this investigation is to pro-
duce a joist-stud joint which achieves balanced bending 
stresses under design load conditions. The joint is in-
tended for use in 1-1/ 2 story barn construction. Balanced 
bending stresses are those stresses which utilize the full 
design section of the members at the joint in bending at 
design loads. Joint is defined as that portion of the 
joist stud framework which fast ens the joist to the wall 
stud. 
The specific objectives of this investigation are: 
1. To evaluate the structural requirements of the 
joist-stud framework for use in 1-1/2 story barn 
framing. 
2. To design a joist-stud joint and framework which 
will meet the structural requirements as well as 
be adapted to practical use . The phrase 
"adapted to practical use" refers t o construc-
tion which is not difficult to fabricate, and 
which utilizes materials that are easily avail-
able. 
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3. To fabricate and test the various designs in 
an attempt to evaluate the structural char -
acteristics and practical adaptation of each 
design. 
4. To determine, in so far as possibl e , the most 
desirabl e j oint type or types . The most de -
sirable joint is defined as that joint which 
achieves the most rigidity with the greatest 
amount of strength while still being easy to 
fabricate . Rigidity is defined as movement 
of the members of the framework directly at -
tributed to slipping at the joint . 
Method of Procedure 
In order to fulfill the specific objectives , the 
following procedure was used : 
1. Fuctional requirements as dictated by commonly 
used 1-1/2 story barns were determined. 
2 . Structural requirements according to dea~live , 
and wind load conditions were determined. 
3. Using the critical structural requirements, the 
theoretical design was determined. 
4. Using common sized members and glue , several 
compromise designs for testing purposes were determined 
and fabricated . 
-13-
5. A scheme was devised and built for testing the 
compromise designs in order to evaluate, as far as feasible, 
their structural characteristics under actual conditions. 
Design of the joist stud joint 
Functional space requirements . In ordinary barn de -
sign , consideration is made to insure adequate space for 
housing animals, for storage of feed, and for work areas . 
Of these considerations, working space below the joist and 
storage space above the joist are most important in this 
investigation. 
\ 
Sufficient head room is required below the joist , 
since either a feed alley or litter alley usually runs 
parallel to the barn side-wall, and operations require 
workers to travel in this area. This means a minimum of 
knee bracing will insure a maximum of clearance . It will 
also be more convenient to pl ace a ceiling on the under-
side of t he joist, should a ceiling be desired. 
Above the joist, space is not as critical as below 
the joist since the space above is used for hay storage. 
On the other hand, any bracing above the joist will be re-
quired to carry loads from t he settlement of hay as well 
as wind loads for which the bracing was specif ically in-
tended . 
Functional space requirements, therefore , dictate 
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that obstructions, both above the joist and below the 
joist, be minimized. 
Barn Number 72421 of the Mid-West Plan service was 
chosen as a basis for this investigation. This 36-foot, 
1-1/2 story barn meets functional space requirements and 
is designed specifically for use in the states of 
Arkansas , Illinois, Indiana, Iowa, Kansas, Michigan , 
Minnesota, Missouri , Nebrask a, North Dakota, Ohio, 
Oklahoma, South Dakota and Wisconsin. The floor joist 
in this barn is supported on reactions 12.26 feet center 
to center, and frames into a 12-foot wall stud 3.85 feet 
from the top of the stud to the center line of the joist . 
Figure 4 shows this information. 
Structural requirements. The f orces which the frame -
work under investigation must withstand to fulfill struc-
tural requirements are those forces produced by dead, 11 ve, 
and wind loads. Snow loads are not involved since roof 
slopes on barns of the gambrel type are too steep for 
snow to accumulate to any great extent. 
Dead loads. Assuming the wall studs to be a nominal 
2" x 6", the joist to be a nominal 211 x 1011 , the dead 
loads are 47.75 pounds and 24.2 pounds , respectively, as 
shown in the resultant diagrams of Figure 4. The weight 
of the wood was taken at 31.8 lb.ft.3. These dead loads 
act downward at the center of gravity of each member . 
-15-
For the joist this is 6.13 feet from either end while for 
the stud it is 6 feet from either top or bottom. 
Live loads. Live loads can be produced by either of 
several material s. The heaviest load ordinarily encountered 
in barn mows used for hay storage is the load caused by 
baled hay, 12 lbs./ft . 3 (42, p. 227). The depth of the 
storage space in the particular barn under cons i deration 
varies from 3.5 feet at the rafter plate to 20. 5 feet at 
the ridge . Using joists 2 f eet on center and a live load 
of 12 lb.ft . 3 the live load varies from 84 lb . /lin. ft . 
at the rafter plate to 492 lb./lin. ft . at the ridge . The 
resultant live load is 3530 pounds and acts at the center 
of gravity of the trapezoidal live load distribution, 7.57 
feet from the stud end of t he j oist, according to the re-
sultant diagrams in Figure 4. 
Wind loads . Wind loads may be evaluated according to 
8 22 2 the formula mentioned on page , P = .001189 (~ + V) , 
where Pis the true velocity pressure i n lb . /ft. 2 and V 
is the wind velocity in miles per hour. This pressure is 
distributed according t o t he distribution shown in Figure 
3. Wind loads may be applied fr om any direction, not 
necessarily only the sides or ends as t his distribution 
indicates. Wind velocities also vary greatly from one 
• 
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locality to another. For purposes of this investigation, 
however, critical loads are necessary and for lack of 
better design information, side and end wind .pressure dis-
tributions as shown in Figure 3 will be used together with 
a design velocity of 70 mph. There is some ques tion as to 
the justification of thls design velocity since same of 
the more recent Windstorms in Iowa have a pproached the 100 
mph velocity (40). However, the frequency of occurrence 
of these 100 mph velocities has not been established and 
until t he frequency has been establishe d there is likewise 
some question as to the justification for t he use of a 
100 mph velocity. Therefore, the 70 mph design velocity 
will be used in this investiga tion. I n the pas t Dale (8, 
p. 45) used a design velocity of 70 mph in his study of 
gambrel barn roofs. 
Left wind. Loads caused by a wind from t he left of 
'====-=: ===-
70 mph are shown distributed in the load diagram of Figure 
5. The distributed load is 25 lb./lin. ft. and the re-
solved load is 300 pounds acting 6 f eet from the bottom 
of the wall stud. The dotted arrows in Fi gure 4 are the 
resultant wind loads of 96.4 pounds and 203.6 pounds acting 
on the centers of the 3.85-foot and 8 .15-foot sections of 
the wall stud, respectively . These latter forces were 
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resolved for convenience in computing fixed end moment s. 
The concentrated loads of 169 pounds and 262 pounds are 
rafter reaction components obtained by resolving the re-
actions as found in Figure 22 , page 53 . 
Referring to Fi gure 4, reactions for combined dead, 
live, and 70 mph left wind loads were obtained as f ollows: 
~ Fv = 0 
Rl, v + R2 = 169 + 3530 + 24.2 + 47 . 75 
= 3771 lb. 
f_ Fh 
Rl, h 
2- 1'1r1 
c. w. 
300 x 6 = 1800 
262 x 12 = 3140 
3530 x 7 .57 =26730 
47 . 75 x 6 .13 = 293 
= 0 
= 300 + 262 
= 562 lb. 
= 0 
c . c . w. 
c.w. =31963 ft.-lb . = c.c .w.=R2 x 12.26 
= 31963 
R2 I2.25 
= 2600 lb. 
R1 , v = 3771 - 2600 
= 1171 lb. 
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( Mj = 0 checking 
c. w. c . c .w. 
262 x 3.85 = 1010 2600 x 12.26 = 31800 
3530 x 7 . 57 = 26700 203 . !~ x 4 .05 = 829 
47 . 75 x 6 . 13 = 29 3 
562 x 8 . 15 = 4580 
96 . 3 x 1 . 92 = 185 
c . w. = 32768 ft .-lb . c . c . w. = 32629 ft .-lb . 
Di screpancy = . 425?b 
In Figure 5 , after solving the reactions and having t he 
known loads, shear and moment diagrams were plotted. 
Shears were plotted by computing the area under the load 
diagram and moments were plotted by computing the areas 
under the shear diagram. Fixed end moment s were checked 
analytically by considering each leg separat ely and solving 
~ Mj = O. 
Ri ght ~· Loads caused bya wi nd from the right of 
70 mph are shown distributed in t h e load di agr am of Figure 
6 and res olved in Fi gure 4 . The distributed load is 19.6 
lb./lin. ft . and t h e resolved load is 235 pounds acting 6 
feet from the bottom of the wall stud. The dotted arrows 
in Fi gure 4 on the right wind diagram are the resolved wind 
loads of 75.4 pounds and 159 . 6 pounds acting on the centers 
of the 3. 85- foot and 8 .15-foot sections of the wall stud, 
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respectively. These latter forces were resolved for con-
venience in computing fixed-end moments. The concentrated 
loads of 117 pounds and 239 pounds are rafter raction 
components obtained by resolving the reactions as found 
in Figure 22, page 53. 
Reactions for combined dead , live, and 70 mph right 
wind loads were solved in a manner similar to the way reac-
tions for dead, live, and 70 mph left wind loads were 
solved. 
In FigUre 6, knoWing all reactions and loads, shear 
and moment diagrams were plotted. Fixed-end moments were 
checked analytically by considering each leg separately and 
solving Mj = O. 
End ~· Loads caused by a wind from the end of 70 
mph are shown distributed in the load diagram of Figure 7 
and resolved in Figure 4 . The distributed load is 40 lb./ 
lin. ft. and the resolved load is 480 pounds acting 6 feet 
from the bottom of the wall stud. The dotted arrows in 
Figure 4 on the end wind diagram are the resultant wind 
loads of 154 pounds and 326 pounds acting on the centers of 
the 3.85-foot and 8 .15-foot sections of the wall stud, 
respectively. These latter forces were r esolved for con-
venience in computing fixed-end moments. The concentrated 
loads of 111 pounds and 437 pounds are rafter reaction com-
ponents as found by Dale (8 , p . 90). 
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Reactions for combined dea~ live , and 70 mph end wind 
loads, were solved in a manner similar to the way reactions 
for dea~ live, and 70 mph le ft wind loads were solved. 
In Figure 7, after all reactions and loads were com-
puted, shear and moment diagrams were plotted by computing 
the area under the load diagram and the shear diagram, re -
spectively. Fi xed-end moments wer e checked analy tically by 
considering each leg separately and solving (M j = O. 
Deflection. In the framework under investigation, 
deflection of the members within the elastic limit was not 
objectionable, because there were no brittle materials 
attached. However , displacement of the entire frame because 
of rotation at the joint was an important consideration. 
Lack of rigidity at the joint is primarily the reason for 
out- of- plumb failures . The important factor of displace-
ment was considered more f'ully in the testing of the f rame-
work . 
Column action of the stud. The stud is supported 
laterally perpendicular to the plane of its minor inertia 
a.xis by either horizontal siding or nailing girts . This 
eliminates the need for examination of t he column action of 
the stud. 
Theoretical design requirements . To satisfy primary 
theoretical design requirements, stresses imposed by 
critical shears and moments determine the required sections . 
Required sections may vary depending on t he materials used 
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and the allowable stresses permitted in the material . 
Allowable stresses. The modulus of rupture for Douglas 
fir is 11700 lb. /sq. in. (15 , p. 51) . Using a factor of 
safety of 3, the allowable work ing stress in bending is then 
3900 lb . /sq. in. This gives a saf ety factor of 1 . 9 in com-
pression parallel to the grain, based on a maximum crushing 
strength of 7420 lbs/sq . in. (15, p. 51). These safety 
factors are justifiable considering the fact that the 
structure will not be hazardous to human life since it is 
primarily an animal shelter. Also , since small members are 
used, defects in critical areas may be eliminated through 
proper selection and placement of the members. 
The allowable working stress in shear was taken at 
200 lb . /sq . in. Giese and Henderson {20) recommended 
215 lb . /sq . in. parallel to the grain as a working shear 
stress f or Douglas fir . 
Allowable direct compressive stresses were taken as 
1200 lb . /sq. in. parallel to the grain and 405 lb/sq . in. 
perpendicular to the grain. 
Critical shears ~moments. According to the shear 
and moment diagrams in Figures 5, 6, and 7, no single com-
bination of loads examined produces maximum stresses at 
all points. For exampl e, critical shear of 2600 pounds was 
obtained for the right end of the joist for left wind, 
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dead and live load conditions , while critical shear of 1923 
pounds was obtained for the left end of the joist for right 
wind , dead and live load conditions . Accordingly , the 
critical shears and moments are summarized in Table 1 . 
Required s ections . With fiber stress as a cri terion, 
t he required section modulus can be computed from 
S . M. = ~ , where S . M, is the section modulus in in. 3, M s 
is the moment in in. -lb , and s is the allowable working 
str ess in l b ./s q. in. The var ious section moduli were 
computed and are tabulated in Table 1 for the critical 
moments . 
With horizontal shear as a criterion, the required 
area can be computed from S = ~ x, where S is the maximum 
all owabl e working stress in horizontal shear in lb . /sq . 
in., V is the total vertical shear in pounds at the par-
ticular section being considered, and A is the required 
area in sq . in. This formula uses the maximum horizontal 
shear value at the neutral axis . This shear stress i s 
50 per cent greater than the shear in t he remaining por-
tions of t he member . With the shear formula mentioned, 
required areas were c omputed for the critical shears and 
are tabulated in Table 1 . 
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Table 1. Critical Shears, Moments, and Required Sections 
Allowable fiber stress - 3900 lb . /sq. in. 
Allowable horizontal shear stress - 200 lb./sq. in. 
. . : Section . . 
Member :Critical:Area re-:Critical moment :mod. re-. shear • quired : :quire~ . . . lb • . . • sg . in.:ft .-lb . in.-lb.: in. 
Joist 
Left end 1923 14.42 48.50 .58200 14.9 
Right end 2600 19 .5 0 0 0 
Shear = 0 0 0 6280 7.5400 19 . 3 
stud 
Top 262 1 .97 0 0 0 
(!'ree end) 
Top 3.58 
(fixed end) 
2. 69 119.5 14350 3. 68 
Top 0 
(shear = O) 
0 248 2980 • 7.5.5 
Bottom 
(hinged end) 
.562 4 . 22 0 0 0 
Bottom 
(fixed end) 3.58 2.69 37.50 4.5000 11 • .5.5 
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Compromise designs . Since it is ordinarily difficult 
to vary sections within a member as required by the theo-
retical design, a compromise must be made between the sec-
tion required by the shear and the section required by the 
bending moment . usually the largest section required was 
favored in the compromise design . 
Selection of sections . Referring to Table l, the -======== == ========= 
joist required a cross-sectional area of 19 . S sq . in. and 
a section modulus of 19 . 3 in. 3 • A 2 11 x 1011 member furnishes 
lS. 44 sq . in. of cross-sectional area and a section modul us 
3 of 24.44 in. • This member was selected as the joist . 
The horizontal shear requirement is not critical except 
within a f ew feet of the right support according to the 
shear diagram in Figure S . 
Checking the joist right reaction f or crushing per-
pendicular to the grain with the formula S = v, where S 
A 
is the allowable stress perpendicular to the grain lb . /sq . in . , 
V is the total shear in lb. at the section and A is the 
in. 
area in sq . in. , a stress of 341+ lb . /sq./was computed. This 
is well within the allowable stress of 405 lb . /sq . in. 
The joist was not exrunined for buckling since it is 
supported vertical ly by the stud at the left joist reaction 
and it is p:Iaced along side the joist f'rom the adjacent 
interior span at the right reaction. The joist is also 
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supported laterally by flooring material and in some in-
stances bridging is also installed . 
Again ref erring to Table 1 and consideri ng that the 
stud was designed as a continuous member, t he cross- sec-
tional area required was 4 . 22 sq . in. and the section 
3 
modulus required was 11. 55 in . • A 2 11 x 611 member has an 
area of 9.14 sq . in. and a section modulus of 8 . 57 in . 3 . 
A 211 x 811 member has an area of 12 .19 sq . in. and a section 
modulus of 15 . 23 in. 3 . Both a 211 x 6 11 and a 2 11 x 8" satisfy 
the area requirements . However, the 2 11 x 6" falls short of 
the 11. 55 in. 3 section modulus and the 2 11 x 8" more than 
satisfies the requirement with a section modulus of 15 . 23 in. 3 • 
Therefor e , either could be used but the 2 11 x 8 11 would be 
preferred. 
Selection of minimum glue areas . The j oint of the 
jois t stud framework is subjected to both sheari ng and tor-
sional stresses as brought out in Figures 5, 6 and 7 . There 
are no design values avail abl e for torsionally stressed 
perpendicular - grained g l ued joints . Desi gn values of 215 
l b . /sq . in. have been suggested for parall el - grained joi nts 
by Giese and Henderson (20 ) . 
Hamlin (23) , in some pr eliminary tests of tor sional 
joints , found the glue area between a 2" x 6" and 211 x 1011 
framed perpendicularly to withstand moments of 34 , 000 in.-
l b . and 63 , 000 in.-lb . in two separate tests . Since the 
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phenomenon of stress concentration bas appeared in lap glued 
joints of metal (10) and in gusset plate joints of wood 
(22, 23), there is reason to believe that stress concentra-
tions develop in torsional joints also. Therefore the min-
imum areas as used by Hamlin were the basis of the various 
compromise designs used in the investigation. 
Details of the various joints . Each of the joints in 
Figure 8 represents a possible solution t o the problem of 
joist-stud design. 
Joint 1 was an attempt to build up the stud section 
at the point where moment is critical. 
Joint 2 was another attempt to build up the stud sec-
tion at the point where moment is critical . Laminations 
were used because they are easier to fabricate than the 
tapered piece used in Joint 1. 
Joint 3 satisfied the theoretical design most ade-
quately since the stud is a 2" x 811 • 
Joint 4 was an attempt to build up the glued area 
using nominal 1 11 material. This was done since some dif-
ficulty has been encountered in obtaining good glued joints 
when both members are of 2" material. 
Joint 5, like Joint 4 was designed to avoid gluing a 
2" member iD a 2 11 member. Giese and Dunkel burg ( 21) bad 
considerable success With plywood gusset plates employed 
in portable poultry brooder houses. 
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All of the joints shown in Figure 8 were fabricated 
with casein glue mixed 1 pound of glue powder to 2 pounds 
of water. Curing pressure was f'urnished by nails as indi-
cated on the details. 
Figures 9, 10, and 11 show the joints as actually con-
structed. Joints 1-A and 4-A are the same as Joints 1 and 
4 respectively. The small numbers on the joints in Figures 
10 and 11 identif'y each piece of wood used in the joint 
with its specific gravity and moisture content . 
Testing of the joist-stud joints 
Apparatus . In order to test the joist-stud framework 
under actual conditions, wind loads and live loads must be 
simulated as well as placing the actual framework in the 
proper relationship to the remainder of the structure . 
This would require the testing of perhaps an entire 4-foot 
section of a barn. It would also require that the beam 
action of the barn floor with its major inertia axis in 
the horizontal plane be evaluated in order to estimate the 
amount of horizont al reaction the interior stud supports 
are able to develop. No pretense is made that the met h:> d 
of testing the joist-stud f'ramework in this investigation 
meets all of these prerequisites. 
The most critical conditions which a joist-stud frame-
work would be expected t o withstand were used as the basis 
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Fig . 9 . Five J oint Types as 
Constructed 
Fig. 10. Close-up of Joint 
Type 1 
Fig . 11. Close- up of Joint 
Type 4 
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of testing. This meant that all of the load of the roof 
rafter reaction was considered as a concentrated load act-
ing at the top of the wall stud, that the beam action of 
the barn floor was considered nil in withstanding horizontal 
reaction from the joist, and that the left reaction was con-
sidered a hinged joint. The only discernible resistance to 
horizontal displa:cement wasthe rigidity of the joint it-
self, the rigidity of the members , the frictional resistance 
of the left reaction hinge, and the frictional resistance 
of the right reaction bearing plate. Loads imposed on the 
frame were live loads and left wind loads, because this 
combination of loading was the most severe at the design 
velocity of 70 mph. Veloci ty ranges used in the test 
started at 50 mph and ended in some instances at 100 mph. 
Method of applying loads. A schematic diagram of the 
linkage used to apply the live load and the wind loads is 
shown with dimensions in Figure 12. A view of the actual 
testing frame which employed this linkage is shown in 
Figure 13. 
Loads were applied through three calibrated hydraulic 
jacks. One jack was used to apply the live load of 3530 
pounds, a second jack was used to apply the uniformly dis-
tributed side wind load , and a third jack was used to apply 
the concentrated load at the top of t he stud from the roof 
rafter. A schematic cross section, illustrating the method 
used to measure pressure, is shown in Figure 14. 
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Piston A moves downward increasing t he pressure in 
chamber B. Valve C is forced into position preventing the 
oil from entering reservoir D. The increased pressure in 
chamber B forces valve E out of position and the oil travels 
on to chamber F exerting a force on piston G. Passage H 
prevents overloading, for as soon as piston G travels its 
maximum length, passage H permits the fluid to by-pass the 
piston G. To release the pressure in G, valve I is opened 
manually. Pressure at J is tapped off to Bourden gage K 
which is calibrated to read directly in miles per hour wind 
velocity, or in pounds live load, depending on which of the 
three jacks used is under consideration. 
The jacks used were calibrated in a Buffalo beam scale 
for t he known loads at each wind velocity between 50 and 
100 mph. The calibration setup is shown in Figures 15 and 
16. After the tests were completed the jack calibrations 
were verified in the same calibration setup. 
Calculation of loads. The live load appl ied was the 
same as calculated for design purposes on the basis of a 
mow full of baled bay at 12 lb./ft.3. 
Wind loads were calculated on the basis of the U. s . 
Bureau of Standards formula previously mentioned and the 
wind pressure distribution diagram in Figure 3. Total side 
wall loads were simply the velocity pressure in lb./sq. ft . 
multiplied by the area of a 2-foot section of barn side 
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wall 12 feet high times the distribution coefficient. Wind 
velocities and their corresponding side loads are listed in 
Table 2. 
Table 2. Wind Velocities and Their Correspond-
ing Equivalent Loads 
Top stud load 
angle clockwise 
Wind velocity Side load Top stud load degrees from 
mEh lbs. lbs. the horizontal 
50 154 245 69 
55 186 250 59 
60 222 260 49 .5 
65 260 280 50.8 
70 301 312 32. 8 
75 345 357 26.7 
80 393 404 20.5 
85 443 450 15 
90 498 500 10.5 
95 554 565 6.9 
100 614 645 3.6 
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Concentrated loads and their angles .from the rafter re-
actions were obtained from the graphs in Figures 17 and 18 
and are tabulated in Table 2. These graphs were plotted 
from the reactions obta ined by graphical analyses made at 
30, 40, 50, 70, 85, and 100 mph wind velocities from the 
left. These analyses are presented in Figures 19 through 
24. Pertinent information used to make the analyses is 
presented in Tables 3 through 8. Dead loads on the roof 
were taken as 1.4 lb./sq. ft. for sheathing , 2.5 lb./ft. 
for roofing , and 1.1 lb./sq. ft. for 211 x 6" rafters 2 feet 
on center. 
],esting frame details. The hydraulic jacks were in-
stalled with the linkage shown in Figure 25. Front and 
rear views of the three jacks as installed are shown in 
Figures 26 and 27. This linkage on each jack was connected 
to wire cables which ran through pulleys to the three 
points of load application illustrated on the schematic 
drawing on Figure 12. 
The pulleys were mounted in ball bearings to reduce 
friction as much as possible. Previous investigators (2, 
6) who calibrated the pulleys found friction to be less 
than 1-1/2 per cent of total loads carried up to 500 pounds . 
A side view of the left reaction is shown in Figure 
28. The stud was held in place by the friction of the two 
plates bolted to either side. The plates were free to 
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Table 3. Wind Load Data for Two Raf'ter Gambrel ~arn Roof 
36 ft. Barn, 30 mph wind, Wind Load 90 to Side 
Load Coeffi- Total Dead 
no. cient Pressure res sure load Resultant 
lb. s .ft. --1!?.· lb. lb. 
l 1 2.25 18.o 40 51.0 
2 .956 2.17 17.36 40 50.4. 
3 .815 1.83 J.4.69 40 48.6 
q. .4.76 1.07 8.56 40 44.6 
5 -.5 -1.12 -6.75 30 24.3 
6 -.6 -1.35 -8.10 30 23.0 
7 -.6 -1.35 - 8.10 30 23.0 
8 -.6 -1.35 -8.10 30 23.0 
9 -.6 -1.35 -8.10 30 23.0 
10 -.6 -1.35 -8.10 30 23.0 
11 -.6 -1.35 -8.10 30 23.0 
12 -.6 -1.35 -8 .10 30 23.0 
13 -.6 -1.35 -10.8 30 36.1 
14 -.6 -1.35 -10.8 30 36.1 
15 -.6 -1. 35 -10. 8 30 36.1 
16 -.6 -1.35 -10.8 30 36.1 
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Table 4. Wind Load Data for Two Rafter Gambrel Barn Roof 
36 ft. Barn, 40 mph Wind, Wind Load 90° to Side 
Load Coeffi Total Dead 
no. cient load Resultant 
lb. b. 
l l 4.09 32.7 40 62.3 
2 .965 3.95 31.6 40 61.2 
3 .815 3.33 26.6 40 57.3 
4 .476 1.95 15.6 40 49.2 
5 -.5 -2.04 -12.25 30 20.0 
6 -.6 -2.45 -14.7 30 18.5 
7 -.6 -2.~.5 -lL~ . 7 30 18.5 
8 -.6 -2.L!-5 -J.4.7 30 18.5 
9 -.6 -2.45 -14.7 30 18.5 
10 -.6 -2.L!-5 -14. 7 30 18.5 
11 -.6 -2.45 -J.4.7 30 18.5 
12 -.6 -2.~.5 -J.4.7 30 18.5 
13 -.6 -2.~.5 -19 .65 40 -35 
14 -.6 -2.45 -19.65 40 -35 
15 -.6 -2.L!-5 -19.65 40 -35 
16 -.6 -2.45 -19.65 40 -35 
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Table 5. Wind Load Data for Two Rafter Gambrel Barn Roof 
36 ft. Barn, 50 mph Wind, Wind 90° to Side 
Load Coeff'i- Total Dead 
no. cient load Resultant 
b. lb. b. 
1 1 6.39 51.2 40 78.8 
2 .965 6.16 49.4_ 40 77 
3 .815 5.21 41.7 40 70 
4 .476 3.04 24.3 40 56 
5 -.5 -3.20 -19.2 30 16.5 
6 -.6 -3.84 -23.0 30 15 
7 -.6 -3.84 -23.0 30 15 
8 -.6 -3.84 -23.0 30 15 
9 -.6 -3.84 -23.0 30 15 
10 -.6 -3.84 -23.0 30 15 
11 -.6 -3.84 -23.0 30 15 
12 -.6 -3.84 -23.0 30 15 
13 -.6 -3.84 -30.7 40 -37 
14 -.6 -3.84 -30.7 40 -37 
15 -.6 -3.84 -30.7 40 -37 
16 -.6 -3.84 -30.7 40 -37 
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Table 6. Wind Load Data for Two Rafter Gambrel Barn Roof 
36 ft Barn, 70 mph Wind, Wind 90° to Side 
Load Coefi'i- Tota Dead 
no. cient load Resultant 
• b • -
1 l 12.55 100.4 40 127.5 
2 .965 12.10 96.8 40 120 
3 . 815 10.22 81.8 40 107 
4 .476 5.96 47.7 40 75.3 
5 -.50 -6.26 -37.6 lO -18.7 
6 -.6 - 7.52 -45.2 30 -24.0 
7 -.6 -1.52 -45.2 30 -24.0 
8 -.6 -1.52 -45.2 30 -24.0 
9 -.6 -7.52 -45.2 30 -24.0 
10 -.6 -7.52 -45 . 2 30 -24.0 
11 -.6 -1.52 -45.2 30 -24.0 
12 -.6 -7.52 -45. 2 30 -24.0 
13 -.6 -1.52 -60.3 40 -54.3 
14 -.6 -7.52 -60 . 3 40 -54.3 
15 -.6 -7.52 -60. 3 40 -54.3 
16 -.6 -1.52 -60.3 40 -54. 3 
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Table 7. Wind Load Data for Two Rafter Gamarel Barn Roof 
36 ft. Barn, 85 mph Wind, Wind 90 to Side 
Load Coeffi- Total Dead 
no. cient res sure load Resultant 
lb. lb. lb. -
l 1 18.48 J.47.9 40 170.0 
2 .965 17.8 J.42 • .5 40 164.5 
3 .815 15.0 120.5 40 144.8 
4 .476 8.80 70.4. 40 95.6 
5 -.50 -9.25 -55-4 30 -32.0 
6 -.6 -11.1 -66.5 30 -42.0 
7 -.6 -11.1 -66.5 30 -42.0 
8 -.6 -11.1 -66.5 30 -42.0 
9 -.6 -11.1 -66.5 30 -42.0 
10 -.6 -11.1 -66 • .5 30 -42.0 
11 -.6 -11.1 -66.5 30 -42.0 
12 -.6 -11.1 -66.5 30 -42.0 
13 -.6 -11.1 -88 .6 40 -11.5 
14 -.6 -11.1 - 88 .6 40 -11.5 
1.5 -.6 -11.1 -88 .6 40 -11.5 
16 -.6 -11.1 -88.6 40 -11.6 
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Table 8. Wind Load Data for Two Rafter Gambrel Barn Roof 
36 ft. Barn, 100 mph Wind, Wind 90° to Side 
Load Coeffi- Total Dead 
no. cient res sure load Resultant 
lb. lb. lb. 
1 l 25.50 204.3 40 226 
2 .965 24.62 197.1 40 219 
3 .815 20.81 167 40 189.5 
4 .476 12.18 97.4 40 121.5 
5 -.50 -12.79 -76.6 30 -52.0 
6 -.6 -15.33 -92.0 30 -67.0 
7 -.6 -15.33 -92.0 30 -67.0 
8 -.6 -15.33 -92.0 30 -67.0 
9 -.6 -15.33 -92.0 30 -67.0 
10 -.6 -15.33 -92.0 30 -67.0 
11 -.6 -15.33 -92.0 30 -67.0 
12 -.6 -15.33 -92.0 30 -67.0 
13 -.6 -15.33 -122.8 40 -110 
14 -.6 -15.33 -122.8 40 -110 
15 a.6 -15.33 -122.8 40 -11.0 
16 -.6 -15.33 -122.8 40 -110 
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Fig . 26 . Front View of Hydraulic Jacks 
Used in Applying the Loads 
Fig . 27 . Rear View of Hydraulic Jacka 
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turn on their pins in the support since the nuts were not 
tightened. The diagonal brace f'rom the testing frame to 
the stud furnished part of the lateral bracing which the 
stud would have in a barn from the horizontal siding or 
the nailing girts . This brace was free to turn in the 
same plane in which the stud rotated on its hinged left re-
action. 
In Figure 29 is a top view looking down on the joist 
at its right reaction. The angle at the side of the 
joist was used for lining up the joints in the testing 
frame . The 6-1/2-inch wood block on which t he joist rests 
was similar to the bearing surface the joist would have 
when resting on a girder of 4, 2" x 12"'s in an actual 
barn frame . 
The concentrated loads from the ra.fter were applied 
to the top of the stud through the pulleys in Figure 30. 
The pulleys were mounted between two angle irons which 
were raised and lowered by a crank, changing the angle 
which the cables made with the top of the stud. In this 
way the load angle was changed according to a guide con-
structed .from the information for the left reaction in 
Figure 18. This guide is visible in Figure 30 . Set screws 
were mounted in the irons to provide horizontal movement 
of the pulleys when t he top of the stud deflected. 
The anchor at the top of the stud for applying the 
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Fig. 28 . Hinged Left Reaction Anchor 
Fig. 29 . Right Reaction Bearing Plate 
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Fig . 30 . Device for Changing the Angle 
of the Concentrated Load at the Top 
of the Stud 
Fig. 31. One of the Four Devices used 
to Record Deflections 
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concentrated loads consisted of two plates bolted to e ither 
side of the member with a pin extending from the outside 
of each plate. The wire cables were attached to these pins. 
In no case were bolts put through the member but they were 
run along side of the edge so as to clamp the plates to-
gather. 
Deflections were recorded by the device shown in 
Figure 31. This recorder consisted of a pencil making a 
line on a piece of tracing paper . The paper was attached 
to a hinged board which was held in contact with t he pencil 
by a rubber band. Four recorders were used to measure de -
flections. Placement of these recorders is noted by points 
l, 2, 3, and 4 in Figure 12 . 
Teat materials . Two joints of each type illustrated 
in Figures 8 and 9 were constructed four months ahead of 
the actual testing under conditions which could be r eason-
ably expected for rural construction. The joints were con-
structed outdoors but under a roof with temperatures vary-
o 0 
ing from 30 F to 50 F. The joints were stored at the 
fabrication site until tested. 
Specific gravities and moisture contents . Because 
the strength of wood varies with its specific gravity 
(15, p . 59) and moisture content (15, p. 61) these 
physical properties were evaluated in order to aid in 
interpreting the results of the tests . 
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Moisture contents were determined with a Tag-Heppenatall 
Moisture Meter Style W-1. 
Specific gravities were computed by dividing the dry 
weight of the piece of wood by the weight of an equal 
volume of water. Wood volume was ta.ken at the given mois-
ture contents . The weight of the entire member and its 
volume were used in the computations rather than the weight 
and volume of a small sample. 
Specific gravities and moisture contents are listed 
in Table 9 for each joint and its component members. 
Component members of a framework were chosen from the 
materials on hand to minimize variation in specific gravity 
within a framework as much as possible. 
Test procedure. Under service conditions , a joist 
stud framework usually must withstand two different combina-
tions of loading. Under full mow conditions the framework 
must withstand combined dead, live, and wind loads. Under 
empty mow conditions the .framework must withstand only 
combined dead and wind loads. Tests were conducted under 
each of these conditions. 
~mow conditions. One joint of each of the five 
types was tested as follows: 
1. Live load was applied and held constant through-
out the remainder of the test. 
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Table 9. Specific Gravities and Moisture Contents or the 
Test Materials 
Joint Average Moisture content 
no. Member SE· gr. BE· gr. 2f dry basis 
1 joist .56 .48 17 
stud .1~6 J.4.5 
stud re- .41 17.5 
ini'orcement 
1-A joist .56 .47 18 
stud .44 18 
stud re- .42 18.5 
inforcement 
2 joist .5~ .52 17 
stud :~3 J.4.5 laminations 17.5 
2-A joist .l~ 7 .44 16 
stud .41 15.5 
laminations .43 19.5 
3 joist .49 .45 16 
stud .41 16.5 
3-A joist .43 .42 18 
stud .40 J.4.5 
4 joist .53 .46 15 
stud .42 16 
scabs .47 13.5 
4-A joist .43 .44 ~·5· stud .40 
scabs .49 16.5 
5 joist .43 .44 16 
stud .40 16 
gussets .48 13 
5-A joist .1+3 .43 18 
stud .40 16 
gussets .47 14 
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2. Deflections were noted at points 1, 2, 3, and 4. 
3. Wind load of 50 mph was applied simultaneously to 
the side of the stud and to the top of the stud. Wind load 
was held at 50 mph for approximately 45 seconds. 
4. Wind loads were released simultaneously. 
5. Maximum and residual deflections were noted at 
points l, 2, 3, and 4. 
6. Angle of concentrated load at the top of the stud 
was changed to correspond to the 55 mph angle. The angle 
was previously set for the 50 mph load. 
7. Steps 3 to 6 repeated for each 5 mph increment 
between 50 mph and failure of the frame, or capacity of 
the testing apparatus, whichever was reached first . 
Empty mow conditions. One joint of each of the five 
typeswis tested as follows: 
1. No live load.a were applied. Wind load of 50 mph 
was applied simultaneously to the side of the stud and to 
the top of the stud for approximately 45 seconds. 
2. Wind loads were released simultaneously. 
3. Maximum and residual deflections were noted at 
points 1, 2, 3, and 4. 
4. Angle of concentrated load at the top of the stud 
was changed to correspond to the 55 mph angle. The angle 
was previously set for the 50 mph load. 
5. Steps 1 to 4 repeated for each 5 mph imcrement be-
tween 50 mph and failure of the frame, or capacity of the 
testing apparatus, whichever was reached first. 
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TEST RESULTS 
The two criteria used as bases for evaluating the be-
havior of the test specimens were displacements and failing 
loads . Displacements considered critical were horizontal 
displacements at the top of the stud at Point 1 and the 
vertical displacement of the joint at Point 4. 
The criterion used as a basis for evaluating the 
practical adaptation was the per cent glue bond obtained 
in the joint. 
Behavior of the Joints and Framework Under 
Combined Dead, Live, and Wind Loads 
Joint 1 -A 
The load-displacement curve of this joint is shown in 
Figures 32 and 33. The top of the stud (Fi gure 32) had 
some residual displacement starting with the 65 mph load 
and continued to have residual displacements intermit-
tently with the removal of all wind loads throughout the 
test. The glue line failed after the application of the 
90 mph load. Maximum horizontal movement at failure was 
o.a inch and at design load velocity o.6 inch. 
The center of the j oist span (Figure 33) was dis-
placed vertically at a fas t er rate under small wind loads 
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of 50 to 75 mph than at larger wind loads of Bo to 100 mph. 
Maximum vertical deflection at failure was 0 . 80 inch and at 
de s ign velocity 0 . 7 inch. Residual displacement after re -
l ease of the 100 mph loads and live load was 0 . 2 inch. 
Residual displ acements after other velocities were not re -
corded. 
Joint 2-A 
Referring to Figure 32, the top of the stud had no re-
sidual displacement between the 70 and 85 mph loads . After 
the application of the 90 mph loads the glue line failed. 
Maximum horizontal movement at failure was 1.1 inch and at 
design velocity it was 0.5 inch. 
The vertical displacanent of the center of the joist 
as shown in Figure 33 did not increase during application 
and release of wind loads between 50 and 75 mph. Maximum 
displacement vertically at failure was 0 . 9 inch and at de-
sign velocity it was o.8 inch. 
Joint .J 
Horizontal movement of the top of the stud (Figure 26) 
increased rapidly until the joist failed at 60 mph near a 
knot in the tension side . At 65 mph the glue line failed. 
Maximum displacement at glue line failure horizontally was 
0.7 inch. At design velocity it was 0 . 9 inch. Residual 
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displacement with the removal of all loads was 0.60 inch. 
Vertical displacement of the center of the joist 
(Figure 33) increased at a more rapid rate before failure 
than after the failure developed. Maxinn.un vertical dis-
placement at failure of the glue line was 1.0 inch. At 
design velocity the vertical displacement was 1.0 inch. 
Residual displacement after the 70 mph load was 0.3 inch. 
Joint 4-A 
The top of the stud in Figure 32 had no residual dis-
placement unti l glue line failure a~er the 75 mph load. 
After the design velocity load, the residual horizontal 
displacement was 0.3 inch. Residual displacement after 
all loads were removed was 2.5 inches. Maximum displace-
ment at failure was o.8 inch. At design velocity it was 
also o.8 inch. 
Vertical displacement of the joist (Figure 33) did 
not increase between 50 and 75 mph loadings. At 75 mph 
aiter the glue line failed the vertical displacement in-
creased again. Residual displacement after removal of the 
70 mph load was 0.3 inch. Maximum vertical displacement 
at glue line failure was 1.1 inch. At design velocity 
it W€\,s 1.0 inch. 
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Joint .2 
The horizontal displacement of the t op of the stud 
(Figure 32) in Joint 5 increased gradually throughout the 
entire range of loadings up to 100 mph when the joist 
failed. This joist failure is shown in Figures 30 and 31. 
Residual displacements increased regularly after the 85 
mph load. No failure was visible anywhere in the glue line 
of the joint. Maximum displacement when the joist fail·e d 
with 100 mph loads was 2.2 inches. At design velocity 
this displacement was 0.7 inch. Residual displacement 
after removing all loads was 1.7 inch. 
Vertical movement of the joist center (Figure 33) 
decreased with an increase in load until joist failure . 
No residual displacements were obtained for this point. 
The joist failure (Figures 36 and 37) appeared to be due 
to horizontal shear rather than bending. Center of the 
failure was approximately 5 feet from the right reaction. 
Displacement at failure of joist was 0.2 inch and at design 
velocity it was o.6 inch. 
Joint l 
Behavior of the Joints and Frameworks 
Under Dead and Wind Loads Only 
Referring to Figure 34, the horizontal displacement of 
-76-
the top of the stud (point 2) increased at a uniform rate 
until the glue line failed at 80 mph. Then the displace-
ment continued to increase at a uniform rate again. Re -
sidual displacement appeared after the 50 mph loading. 
Residual displacement after the 85 mph load was 1.8 inch. 
Maximum displacement at failure was 1. 8 inch. At design 
velocity it was 1.7 inch. 
Vertical displacement of t he joist was fairly constant 
in its rate of increase throughout the testing range 
(Figure 35) . Residual deflections occurred after the 55 
mph load and continued to increase reaching a maximum of 
0.3 inch after removal of all applied loads . At glue line 
failure maximum displacement was 0. 2 inch and at design 
velocity it was 0.1 inch • 
.Joint 2 
Referring to Figure 34, the horizontal movement of the 
top of t he stud increased with an increase of l oad. Re -
sidual displacement appeared after the 50 mph load and 
continued tJ:u>oughout the test with a maximum. of 1.5 inch 
with all applied loads removed. Maximum horizontal dis-
placement under failing load of 65 mph was 1.5 inch. At 
design load it was 2.5 inches . 
The vertical displacement of the joist center (Figure 
35) was constant at O.l inch until after 60 mph. .Just 
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before the glue line failed the vertical displacement began 
to increase . Residual displacement after all applied loads 
were removed was 0 . 1 inch. Maximum vertical displacement 
at fai ling velocity was . 11 inch. At design velocity it was 
0 . 2 i nch. 
Joint 3-A 
The stud top had no residual displacement (Figure 34) 
until after glue line failure at 75 mph. Res idual dis-
placement after all applied l oads were removed was 2. 8 
inches. Horizontal displacement at failing velocity was 
0 . 8 inc~. At design velocity it was 0 . 6 inch. 
Vertical displacement of the joist center (Figure 35) 
was 0 under loads f'rom 50 to 60 mph. From 60 mph to the 
end of the test the vertical displacement increased with 
increase in loads . Maximum displacement at failing velocity 
was 0 . 1 inch. At design velocity it was 0 . 1 inch also . 
Residual displacement was 0 until glue line failure . After 
gl ue line failure it increased up to the release of all 
applied loads . Then it decreased. After the release of 
all applied loads the residual displacement was O. l inch. 
Joint ~ 
The horizontal displacement of the top of the stud 
(Figure 34) increased generally for an increase in load . 
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At glue line failure under 70 mph loads, horizontal dis-
placement was 1.9 inch. Residual deflections increased 
loads up to 75 mph. After all applied loads were removed 
the residual deflection was 2.4 inches. 
Vertical displacement of the joist center (Figure 35) 
was 0 up to 55 mph loads. From loads of 55 to 70 mph the 
vertical displacement increased rapidly and then tapered 
off under loads from 70 to 85 mph. At glue line failure, 
under 70 mph loads, the vertical displacement was 0.10 
inch. Residual displacements increased with increase in 
loads up to 80 mph after which the residual displacements 
decreased. After all applied loads were removed, the re-
sidual deflection was 0.1 inch. 
Joint 5-A 
Horizontal displacement of the stud top (Figure 34) 
increased generally with an increase in load. No glue 
line failue was observed. Displacement at design velocity 
was 3.1 inches. Residual displacements increased from the 
50 mph to 70 mph loads. From 70 to 80 mph the residual 
displacement decreased. Final residual displacement was 
2.1 inches. 
Vertical displacement of the joist center (Figure 35) 
increased generally With an increase in load. At the de-
sign velocity the vertical displacement was 0.3 inch. 
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Residual displacement was 0 up to 60 mph loads. After that 
it increased after all but the 75 mph load. 
Additional loading of Joints 1, 2, 3-A, ~, .!E£ 5-A 
After loading each joint as just described in the 
previous section, live load was applied with all wind loads 
being released. In every case the framework carried the 
live load. 
In addition, with Joint 5-A, wind loads were applied 
from 50 mph to 85 mph without intennittent release as in 
the other tests. At 85 mph the joist f ailed as shown in 
Figure 38. The failure occurred approximately in the 
center of the span and appeared to be a f ailure in bending 
caused by a knot on the tension side. 
Per Cent Glue Bond Obtained i n the Various Joints 
Figures 39 through 43 show the various joints dis-
mantled in order to estimate the per cent of the total 
joint area which was bonded by t he glue . 
In general the 2-inch members, when glued to other 2-
inch members, did not have a high per cent bond. The joints 
which employed 1-inch members or smaller in conjunction 
with the 2-inch members usually had a higher per cent bond. 
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Fig. 36. Failure in Joint 5 
under Combined 100 mph Wind 
Load, Live Load, and Dead Load 
Fig . 37. Close-up of the 
Failure in Joint 5 
Fig. 38. Failure in Joint 5-A 
under Combined 85 mph Wind 
Load, Live Load, and Dead Load 
-84-85-
Fig . 39 . Glue Bond in Joint 
Type l 
Fig . qo. Glue Bond in 
Joint Type 2 
Fig . 4J. . Glue Bond in Joint Type 3 
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Fig . 42 . Glue Bond in Joint Type 4 
Fig. 43 . Glue Bond in Both Sides of Joint 5 
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Summary of Criteria 
Table 10 sunnnarizes the bases for evaluating the structural 
behavior of the joints and their r espective frameworks. 
Table 10. Smmnary of Criteria 
:Glue line :Displacement at :Displacement at : Per cent 
Joint:failing : failing velocit :design velocity:effective 
no. : veloci : Point 1 : Point : Point l:Point • lue bond . 
mph in. in. in. in. 
1-A 90 o.8 o.8 o.6 0 . 7 20 
2-A 90 1.1 0.9 0.5 0.9 30 
3' 65* 0.7 l.O 0 . 9 1.0 10 
4-A 75 o. 8 1.1 o.8 1.0 25 
5 lOOi<- 2 . 2 0 . 2 0.7 o.6 95 
1 Bo 1.8 0 .2 1.7 0.1 20 
2 65 l.5 0.1 2.5 0 . 2 40 
3-A 75 o.8 0.1 o.6 0.1 15 
4 70 l.9 0 .1 1.9 0 ,1 30 
5-A exceeded 3 . 1 3.2 no datum 
test frame 
capacity 
*Joist failure 
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DISCUSSION 
The following material is introduced at this point 
since there is some question as to whether or not it would 
properly belong in the section on test results. 
Residual Displacements 
One is not able to say that the residual displacements 
were actually permanent sets. At the start of the testing 
it appeared that they were, but as the testing proceeded, 
some of the residual displacements, after the release of 
the higher velocity loads, were less than the residual dis-
placement after the release of the low velocity loads. If 
the residual displacements were permanent sets, this would 
not have happened. An example of this is Joint 3-A. 
The reasons for these variations in residual displace-
ments are believed to be the inconsistent effects of fric-
tion at the right joist reaction and the effect of not 
simultaneously releasing side wind and rafter loads. A 
third reason might well be the variation in time between 
the release of the loads and the recording of the residual 
displaceme~ts for the various load increments. 
The inconsistent behavior of the residual displace-
ments might have been avoided if the right reaction had 
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been placed on rollers {which would, of course, depart from 
the actual situation in a barn) and if a constant given 
amount of time had been permitted to elapse between release 
of the loads and the recording of the displacement . 
Unusual Behavior of Joint 5 at the Joist Center 
The vertical displacement of this joint at the joist 
center (Figure 33) after application of the low velocity 
loads did not increase as was the case in every other in-
stance of all the joints tested. Instead, the vertical 
displacement decreased. This joist apparentl y behaved as 
through it was totally fixed and the moment in the stud 
bottom at the higher velocity loads began to cancel the 
moment in the framework from the live loads, thus decreas-
ing the vertical displacement. 
Omission of Data 
In all instances of omission of data, pencil points 
on the recorders were broken, recording papers were not 
properly in contact with the pencils, or the infonnation 
on the recording papers was not clear. 
Large Displacements Under Combined Dead and Wind Loads 
The large displacements horizontally with the mow 
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empty indicate instability under those conditions. The test 
specimens can be conservatively considered more rigid than 
similar joints in barns now standing. Yet these barns with 
less rigidity in the joist stud joint are withstanding same 
fairly high wind loads without out-of-plumb failures occur-
ring. It is believed that the beam action of the barn 
floor in withstanding horizontal thrust from the stud is re-
sponsible for the apparent stability of these structures 
without rigid joints. 
Glue Bonds 
Low per cent bonds occurred in almost every case where 
a 2-inch member was glued to a 2-inch member . Good bonds 
occurred wherever 1-inch members or less were used in con-
junction with the 2-inch members. Differences in pressure 
during curing are probably responsible. 
Treatment of Joint Displacements to Reduce Joints 
Similarly Loaded to an Approxima te Comparative Basis 
The variables which affect the structural behavior of 
each framework and its joint may be considered as four major 
factors: moment of inertia of the members , modulus of 
elasticity of the members, rigidity of the joint and dif-
ferences in fabrication, differences in defects of the 
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materials and testing differences. The l atter group of 
variables can be controlled or evaluated by methods of 
statistics, provided enough data are available . The other 
three variables may be evaluated according to the treat-
ment which follows . 
Since, for all practical purposes, the lengths of the 
main members were equal, then the sti ffnes s of the members 
is directly proportional to their moduli of elasticity and 
their moments of inertia for a gi ven load. This is true 
L from ~ = (f) EIT where ..6is the deflection, L is the 
length, E is the modulus of elasticity and I is the moment 
of inertia. Therefore , if actual deflection is known for 
all the members of the various joints at a given point , 
using the least stiff frame work as a basis of l, all the 
other deflections are able to be reduced in proportion to 
their greater stiffness as measured by their moduli of 
elasticity and moments of inertia . The r esult ing differences 
between the actual observed deformation curve and the cor-
racted deformation curve is then a measure of the rigidity 
of the joint plus the variables of fabrication, defects, 
and testing . 
For purposes of this explanation, if the variables of 
fabrication , defects, and testing are considered not as 
variables, but as constants, then the differences between 
the observed actual deformations and the corrected deforma-
tions is a measure of the rigidity of the joint fas t ening. 
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According to the above procedure, the moduli of elas-
ticity of the various frameworks were evaluated from the 
relationship, E = 2,800,000G (15, p. 60), where Eis the 
modulus of elasticity in lb./sq. in. and G is the specific 
gravity. G was taken for each framework as the average 
specific gravity of all the members in the framework. 
(See Table 9). Relative E•s were computed using the lowest 
E as 1. These relative E's are referred to as the E cor-
rection factor. 
The relative I's were computed using the smallest I 
as 1. I's for members with a variable cross-section were 
ta.ken as the average I of the member. These relative I•s 
are referred to as the I correction factor. 
The I correction factor multiplied by the E correc-
tion factor gives a final correction which when applied to 
the actual deformation curves reduces all of the curves to 
what they would be if all the wood in them were of equal 
strength and if all the moments of iner tia were the same. 
The difference between the corrected deformation and the 
observed deformation is a measure of the rigidity of the 
joint fastening . This procedure was applied to the deforma-
tions at design velocity. The curves resulting appear in 
Figures 44 and 45. Numbers in par entheses refer to the 
corrected deformations. 
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Evaluation and Limitations of the Study 
Conclusions deducted from this investigation may be 
used only on the basis of due consideration to the lack 
of statistical methods employed to evaluate or control the 
variabl es . 
The apparatus for measuring the deflections, in general, 
was not entirely satisfactory. A better device could have 
been used to change the angle of concentrated load appli-
cation at the top of the stud. The one used took a con-
siderable amount of time and work to ad just. 
Some question may well be raised regarding the validity 
of making the corrections on the deformation curves since 
the accuracy of measuring the actual deflections themselves 
was not entirely within the precision required for such 
computations . On the other hand, a method.fur evaluating 
some of the variabl es has been devised and demonstrated. 
This will undoubtedly be of considerable value to any fol -
lowing investigation of either the joist- stud joints or 
other frames made of several members . 
Several joint types may easily be designed utilizing 
the desir abl e features of the joints investigated . For ex-
ample, confidence may be pl aced in a design using both a 
2" x 6" stud with laminations, as in Joints 2 and 2-A, and a 
gusset plate as used in Joints 5 and 5-A. The laminations 
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increase the stiffness of the wall stud and the gusset 
plate fixes the joint rigidly. 
Suggestions for Further Study 
1. Continuation of the joist stud investigation under 
a statistically sound experimental design. 
2. Detern1ination of the relationship be tween strength 
and geometry of joints subjected to torsional stresses. 
3. Evaluation of the beam action of the barn mow 
floor in resisting side thrusts and development of a design 
which will increase its effectiveness to a point justifi-
able with the end conditions of the floor . 
4. Determination of the relationship between the 
strength and geometry of joints subjected to compressive 
and tensil loads. 
5. Devel opment of a ready mixed glue package of a 
size appropriate for use in farm construction, which may 
be inserted between two joint surfaces, for fabrication 
in the joint Without opening the package. The package must 
be of a material which will burst upon application of nail 
pressure and which will not affect the strength of the 
bond appreciably. If this is accomplished it will greatly 
facilitate the use of glue on the farm since various sizes 
of packages could be made for various sizes of joints and 
all glue mixing would be eliminated . 
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CONCUJSIONS 
1. Critical structural requirements of the joist-stud 
joint for use in 1-1/2 story barn construction as used in 
this investigation are as follows for a 70 mph design 
velocity: 
For the joist, the requirements are that it withstand 
(1) 75,400 in.-lb. maximum moment 6 ft. from 
the right reaction creating tension in 
t he bottom of the member, and 
(2) 2600 lb . maximum shear over the right 
support. 
For the stud, the requirements are that it withstand 
(1) 45,000 in.-lb . maximum moment 8.15 ft. 
from the stud bottom creating tension 
on the interior side of the member , and 
(2) 562 lb. maximum shear at the left reaction. 
2. On the basis of the tests conducted, the following 
joist- stud joint made of No. l common Douglas fir would 
meet the struc tural requirements and be adaptable to practi-
cal use: 
(1) Wall stud should be either a 2" x 6" with 
two laminations as in Fi gure 8, Joint 2, 
or, a 2 11 x 8" . 
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(2) Joist should be a 211 x 1011 • 
(3) Fastener should be a gusset plate com-
bination of two 3/8", 3-ply plywood 
pieces as in Figure 8, Joint 5. 
3. In general, the structural characteristics of the 
joist-stud joints tested were as follows : 
(1) Under combined dead, live, and wind loads, 
the range of glue line failing loads was from 65 mph to 
over 100 mph. The range of horizontal displacements at 
the stud top for the same load combination at design velocity 
was from o.5 inch to 0.9 inch and the range of vertical 
displacements at the joist center was from 0. 6 inch to 1.0 
inch. 
(2) Under dead and wind loads only, the range of 
glue line failing loads was from 65 mph to over 100 mph. 
The range of horizontal displacements at the stud top for 
the same load combination at design velocity was from 1.7 
inches to 3.1 inches, and the r ange of vertical dispJace-
ments at the joist center was from 0.1 inch to 0. 3 inch. 
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SUMMARY 
The justification of the study to produce a joist-stud 
joint to meet structuralrequirements of 1-1/2 story wooden 
barn construction was based on wind damage studies by Esmay 
and Giese . As found in the analysis , structural require-
ments imposed by combined dead, live, and wind loads at a 
design velocity of 70 mph were, that the framework be 
capable of Withstanding a maximum moment of 75, 400 in. -lb. 
in the joist and 45, 000 in. -lb . in the stud. Shear re-
quirements, as found in the analysis, are that the joist 
withstand a maximum horizontal shear stress imposed by a 
total shear load of 2600 lb., and that the stud withstand 
a maximum horizontal shear stress imposed by a total shear 
of 562 lb. These requirements were based on an analysis 
in which the joint was totally fixed . For five compromise 
designs under test , with combined dead, live, and wind 
loads applied , the displacements were generally found to 
be less than with only dead and wind loads applied. 
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